Identity of acyl group conformations in the active sites of papain and cathepsin B by resonance Raman spectroscopy.
Resonance Raman spectroscopic data provide conclusive evidence for the existence of an acyl-enzyme intermediate during the reaction of a thionoester substrate, N-methyloxycarbonylphenylalanylglycine methyl thionoester (CH3OC(=O)-Phe-NHCH2C(=S) OCH3), with cathepsin B from porcine spleen. The resonance Raman spectrum of CH3OC(=O)-Phe-NHCH2C(=S)S-cathepsin B, where the thiol S is from the active-site cysteine residue, is compared to that of the corresponding papain acyl-enzyme. Within the limits of experimental error (+/-2 cm-1 for peak positions), there are no detectable spectral differences. Since the resonance Raman spectrum is sensitive to the torsional angles in the glycinic bonds and the cysteine linkages, the conformations are identical in those parts of the acyl-enzymes where chemical transformation occurs. A conformational analysis of the model compound CH3OC(=O)-Phe-NHCH2C(=S)SC2H5 demonstrates that the dithioacyl group in both dithioacyl-enzymes is present as a single population of a form known as conformer B. Conformer B is characterized by a small torsional angle about the glycinic NHCH2-CS(thiol) bond such that the nitrogen and S (thiol) atoms are in close contact. This conformer is widespread among the dithioacyl intermediates of plant cysteine proteinases, and it is apparent that the same chemistry is retained in a mammalian cysteine proteinase. Steady-state kinetic parameters are also reported for CH3OC(=O)-Phe-NHCH2C(=S)OCH3 reacting with papain and cathepsin B. The similarity of the Kcat values, 0.53 and 1.15 s-1, for papain and cathepsin B, respectively, provides further evidence for a conserved deacylation process.